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SUMMARY
This report analyzes grazing effects and provides manage-
ment recommendations for sand prairie and grassland bird
habitat at the 6,200-acre Savanna Army Depot, Carroll Co. and
Jo Daviess Co., Illinois. Despite its use as a munitions base
and rangeland, this natural area has high potential for successful
management of sand prairie plants and animals. H.A. Gleason
described vegetation and collected transect data at the site in
1908, before the onset of cattle grazing. This study identifies
changes in composition of the Depot sand prairie between 1908
and 1991. It also compares effects of former, reduced, and
open grazing treatments on vegetation structure in 1991-92, and
contrasts vegetation at the Depot with nine ecologically similar
ungrazed sand prairies sampled by the Illinois Natural Areas
Inventory (INAI) in northwestern Illinois in 1976.
Gleason described sand prairie at the Depot as dominated by
bunch grasses and characterized by 90 plant species. In 1991,
300 sampling plots generated a list of 90 plant species that had
79.5% similarity with Gleason's list. Although' the total
number of species was unchanged, the number of species per
plot increased and vegetative composition changed significantly.
"Late-successional" perennial grasses and herbaceous species
that are poorly adapted to grazing declined or were lost while
"early-successional" grazing-adapted native and alien plants
increased or appeared. Significant differences also occurred
between the effects of open, reduced, and former grazing
treatments on vegetation structure, with open grazing causing
the most severe reductions in grass canopy cover and height,
and the highest cover of open sand. Because some late-
successional species were absent from all grazing treatments,
the reduction or elimination of grazing may not allow total
recovery of original species composition. Their absence also
suggests that the current grazing regime is not responsible for
the over-all change in composition of vegetation at the Depot.
It is likely that earlier overgrazing, possibly before World War
II, is responsible for loss of late-successional vegetation.
However, reduction of grazing appears to be important for
recovery of former vegetation structure, and should be supple-
mented with prescribed burning to enhance flowering, seed
production, and reestablishment of prairie vegetation. Introduc-
tion of extirpated species may be needed to restore former
species composition.
Similar successional patterns occurred among the Army
Depot and other sand prairies sampled by the INAI. The
modern Depot vegetation, which was graded "C" (heavily
disturbed) by the INAI, differed from the other native sand
prairies by the presence of weedy or alien species and absence
of mid- and late-successional species. Grade "B" (moderately
disturbed) prairies differed by the absence of late-successional
species that characterized grade "A" (undisturbed) prairies.
The historic Depot vegetation also differed in several ways
from the areas studied by the INAI. First, some early-succes-
sional species that were present at the Depot were absent from
the INAI areas. Second, although some late-successional
species were shared, others differed between the historic Depot
and INAI grade "A" sand prairies. The small remnant grade
"A" sand prairies often have low diversity because they no
longer encounter or sustain natural disturbances that would
promote early or mid-successional species. Thus, anthropogen-
ic disturbances such as overgrazing and habitat fragmentation
reduce species diversity differently on thepgst-settlement
Illinois landscape. Overgrazing causes loss of late-successional
species that cannot recover in isolated remnants, while fragmen-
tation and isolation leads to loss of early- and midsuccessional
species.
Sixteen grassland birds and more than 20 non-grassland bird
species occur in sand prairie at the Depot. Dominant birds are-
the western meadowlark, grasshopper sparrow, and lark&
sparrow, which are characteristic prairie species. Other prairie
birds that are less common include the dickcissel, eastern mead-
owlark, upland sandpiper, savannah sparrow, and vesper
sparrow. Because these species have different habitat prefer-
ences, their populations can be managed by altering vegetation
structure, and should be expected to change if burning and
reduced grazing are used to recover vegetation. The effects of
these treatments should be monitored and application rates
adjusted to benefit both birds and vegetation. A variety of nest
predators and habitat competitors (such as starlings, blue jays
and mockingbirds), and cowbirds occur with prairie birds and
are apparently more abundant in parts of the sand prairie with
buildings and introduced trees. Management, such as tree
removal, to reduce the habitat for these species may be needed
to optimize conditions for prairie birds. The Depot also has
potential for containing populations of western insects that may
be restricted to this habitat in Illinois. An inventory is needed
to determine if such species are present.
SUMMARY OF RECOMMENDATIONS
* Apply burning and reduced levels of grazing that will
allow vegetation recovery.
* Determine effects of reduced grazing and burning on
grassland birds.
* Adjust grazing and burning levels to benefit vegetation
and birds.
* Reduce non-grassland bird habitat that allows competition
with grassland species.
* Introduce late-successional plants determined to be absent
from the Depot.
* Determine presence of significant insect species.
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INTRODUCTION
Maintenance of species diversity in prairie
Plant species diversity and vegetation structure in North
American prairie have evolved in relation to interactions
between three primary factors: grazing by native ungulates,
patch disturbance by small animals, and fire (Stebbins 1981,
Sims 1988, Estes et al. 1982, Collins and Wallace 1990).
In a general model, fire homogenizes prairie by selecting for
perennial grasses and forbs, moderate grazing decreases
grass cover and increases forb cover, and patch disturbance
by small animals allows colonization by early-successional
species (Penfound 1964, Loucks et al. 1985, Collins 1987,
Collins 1989, Collins and Barber 1985, Collins and Gibson
1990, Collins and Glenn 1988, Platt 1975).
Proportional changes in any of the factors in this model
not only affect vegetation structure and plant species
diversity, but also habitat use by different animal species.
For example, habitat selection by grassland birds is highly
sensitive to variation in spatial vegetation structure (Roth
1976, Rotenberry and Wiens 1980). Thus, different grazing
intensities and fire frequencies can determine composition of
grassland bird communities and are often recommended for
grassland bird management (e.g. Kantrud 1981, Bock and
Webb 1984, Skinner et al. 1984, Bock and Bock 1987,
Herkert et al. 1993). However, grassland birds are general-
ly insensitive to plant species composition and may nest and
forage in pastures and agricultural fields of the appropriate
structure and size (Graber and Graber 1963, Herkert et al.
1993). Intensive management for bird species could alter
plant species composition and negatively affect populations
of other animals, such as some insects, that have host-plant
specificity.
The use of grazing to optimize native plant and animal
diversity may operate best with native ungulates, and
probably requires an unrestricted landscape and low stocking
rates in which overgrazing would be unlikely to occur.
Cattle impact forbs relatively more than bison (Plumb and
Dodd 1993), and confined or intense grazing by cattle favors
grazing-adapted unpalatable or rhizomatous weedy and alien
species at the expense of grazing-sensitive perennial grasses
and forbs (Daubenmire 1940, Smith 1940, Drew 1947,
Dyksterhuis 1949, Voigt and Weaver 1951, Kelting 1954,
Kucera 1956, Curtis 1959, Dix 1959, Nyboer 1981). Such
effects can seriously alter the composition of prairie vegeta-
tion and usually make prairies less acceptable for conserva-
tion. For example, Bock and Bock (1993) considered
livestock grazing an exotic destructive ecological force in
Arizona grasslands. In the Midwest, high "natural quality"
prairie is usually indicated by a matrix of late-successional
perennial grasses and forbs that are promoted
by fire and decline with cattle grazing (White 1978).
Accordingly, use of cattle grazing for management of
grasslands is a highly controversial issue, especially in the
West (e.g. Levin 1993, Painter and Belsky 1993, Dyer et
al., 1993, McNaughton 1993, Risser 1993). Because
burning maintains tallgrass prairie by removing litter,
promoting flowering, and halting tree invasion (Curtis 1959,
Kucera and Ehrenreich 1962, Ehrenreich and Aikman 1963,
Kucera and Koelling 1964, Wells 1970, Vogl 1974, Ander-
son 1982, Bazzaz and Parrish 1982, Collins and Wallace
1990), it is the principal management tool'used for most
tallgrass prairie preserves in Illinois, Iowa, and Wisconsin.
In the absence of grazing, maintenance of prairie plant
species diversity is dependent on natural patch disturbance
and herbivory by small animals such as badgers (Platt
1975), pocket gophers (Hobbs and Mooney 1985, Hobbs
and Hobbs 1987), and mound-building ants (Baxter and
Hole 1967). These disturbances maintain floristic diversity
across a mosaic of differently aged patches that support a
corresponding range of successional stages. In sand
prairies, wind movement of loose soils adds to disturbance
by creating larger disturbance patches and a greater propor-
tion of early- to mid-successional plant communities (Plumb-
Mentjes 1990, Loucks et al. 1985). Although sand prairie
species diversity is maintained by dynamic interactions
between biotic and abiotic disturbance regimes, such systems
may be susceptible to novel anthropogenic disturbance and
alien species invasions (Denslow 1985).
Study objectives
The Savanna Army Depot, Carroll and Jo Daviess
counties, Illinois, contains about 6200 acres (2500 ha) of
sand prairie managed by cattle grazing, and may be one of
the largest natural grasslands remaining in the Midwest.
One objective of this study was to determine the impact of
different grazing regimes on the composition and structure
of sand prairie vegetation at the Savanna Army Depot.
Studies by Gleason (1910) on the land that is now the
Depot, different modem grazing treatments at the Depot,
and studies by the Illinois Natural Areas Inventory (INAI,
White 1978) on other sand prairies allow several research
questions: 1) What similarities and differences in plant
species composition occur between Gleason's data and the
modern Army Depot vegetation? 2) What are the effects of
different grazing treatments on plant community structure at
the Depot? 3) What similarities and differences occur
between the historic and modemrn Savanna Army Depot, and
data from surrounding natural areas? 4) How have anthro-
pogenic disturbance and fragmentation affected plant species
diversity within and among sites at the landscape level?
The Savanna Army Depot also supports a diverse assem-
blege of grassland and non-grassland birds. A second study
objective was to determine the status of these bird species at
the Savanna Army Depot and address the following ques-
tions: 1) What are the relative abundances of birds in these
different groups? 2) How do these abundances relate to
vegetation characteristics at the Depot and various bird
habitat requirements? 3) What experimental management
options are available for grassland bird species at the
Savanna Army Depot?
STUDY AREA
Location and natural character
The Savanna Army Depot is three miles southwest of
Hanover, on the border between Carroll and Jo Daviess
counties in extreme northwestern Illinois (Figure 1). The
Depot occupies a 12-mile (20-km) long sand deposit,
forming a well-drained second bottom terrace along the east
bank of the Mississippi River. The sand is derived from
Wisconsinan glacial outwash and reaches a maximum width
of three miles (5 km). Although not mapped, the soils are
apparently Sparta loamy sands (Ray et al. 1975). Relief
inlcudes blowouts, sand plains, and dunes, and extends from
600 feet (183 m) along the river floodplain to 650 feet (198
m) on dune crests. The sand deposit is at the south edge of
the "driftless" area, in the Mississippi River Section of the
Illinois and Mississippi Rivers Sand Areas Natural Division
of Illinois (Schwegman et al. 1973). The Depot exemplifies
this natural division in having drought-adapted sand prairie
and savanna vegetation, and many of its plants and animals
occur as western relicts or near their eastern range limits.
Because of the poor moisture-holding capacity of its sandy
soils, the site's vegetation dries and becomes dormant during
drought conditions and can appear very different between
years with different precipitation levels (Bowles, pers. obs.).
In 1908, H.S. Pepoon visited this sand prairie and pub-
lished a short description of the vegetation (Pepoon 1909).
In the same year, the "Hanover" site was studied in detail
by H. A. Gleason as part of his pioneering work on succes-
sional relationships in Illinois sand prairies (Gleason 1910).
Gleason indicated that his study sites were in nearly original
condition and still contained virgin prairie that had never
been plowed or pasture. Little else is known about the
history of the Depot area prior to Gleason's visit. For a
ten-year period prior to 1908, only six growing season
months had severe Palmer drought severity indices in
northwestern Illinois (Karl and Knight 1985). Thus,
Gleason apparently studied vegetation with a recent history
of optimum growing conditions.
Gleason (1910) described an interactive wind- and
of successional stages in "original" sand prairie at the
Depot. He estimated that at least two-thirds of his study
areas were dominated by the "mixed consocies," a bunch
grass community dominated by Andropogon scoparius,
Koeleria cristata and Leptoloma cognatum with other
perennial grasses such as Bouteloua hirsuta and Panicum
villosissimum, and perennial forbs such as Aster sericeus, A.
linariifolius, Penstemon hirsutus, Callirhoe triangulata, and
Lithospermumwn canescens (nomenclature follows Mohlen-
brock 1975, common names in Appendix I). ,According to
Gleason, moderate wind erosion caused an."increase in
interstitial species, primarily Ambrosia psilostadhya (a small
rhizomatous forb) and the annual-biennials Lepidiwn
virginicum and Linaria canadensis, followed by invasion of
Selaginella rupestris (a mat-forming fern-ally). With more
severe erosion, blowouts were established and initially
colonized by Hudsonia tomentosa (a low heath-like shrub)
and Aristida tuberculosa (an annual grass) before returning
to a bunch grass community, while areas of sand deposition
were usually colonized by the early-successional grass
Panicum virgatum. Gleason also observed that pasturing of
some parts of the sand area caused partial destruction of
bunch grasses and allowed an increase in annual and
biennial interstitial species. Associated changes included
displacement of bunch grasses by blue grass (Poa sp.) and
an increase of unpalatable native perennials, such as
Monarda punctata.
The 1917 conversion of the site to a U.S. Army ammuni-
tion depot severely limited further biological survey work.
The extreme southern portion of the Depot is developed,
while the rest of the area consists of native sand prairie.
Much of the sand prairie has been compartmentalized by a
series of over 40 parallel east-west service roads about 500
ft (150 m) apart that provide access to munitions bunkers
and storage buildings within the sand prairie. The extent to
which these roads fragment and isolate prairie habitat is
probably limited, as human activity on them is infrequent.
The Army manages the site under a locally-administered
grazing contract, supposedly to minimize fire hazard by
preventing build-up of heavy graminoid fuel loads.
Significant plant and animal life
Within the road and bunker complex, the dry to dry-mesic
conditions support extensive sand prairie, with sand savanna
in the extreme northern portion of the site. Common prairie
graminoid species include Andropogon scoparius, Koeleria
cristata, Carex muhlenbergii, and Cyperus schweinitzii,
while Quercus velutina is the dominant sand savanna tree.
Introduced trees such as black locust (Robiniapseudoacacia)
are scattered throughout the sand prairie. At least twelve
rare or state-listed plant species are present (Bowles and
topographic-induced disturbance regime supporting a mosaic Jones 1991). The federal threatened Cyperus grayioides is
3Figure 1. Location of the Savanna Army Depot, Carroll and Jo Daviess counties, Illinois.
found on only a few blowouts. Hudsonia tomentosa and
Talinum rugospermum occur occasionally in blowouts and
open sand, while Cristatella jamesii is frequent along
roadsides. Besseya bullii occurs locally in prairie and rarely
in savanna, while Agropyron subsecundum, Carex tonsa,
Ceanothus ovatus, Mirabilis hirsuta, Opuntia fragilis,
Paspalum bushii, and Salvia pitcheri occur locally in the
sand prairie. The state-extirpated Bouteloua gracilis was
collected at the site by H.S. Pepoon in 1908 (Jones and
Fuller 1955).
Among the 16 grassland birds found at the Depot, at least
eight are characteristic prairie birds, and most can be
separated along an ecological gradient by their preferences
for vegetation height, and density (Skinner et al. 1984,
Herkert et al. 1993, Figure 2).
Dense *Red-winged Blackbird
*Dickcissel
*Goldfinch
*Song Sparrow
*Field Sparrow
*Grasshopper Sparrow
*Eastern Meadowlark
*Savannah Sparrow
Inter-
mediate
*Homed Lark *Lark Sparrow
*Westemrn Meadowlark
*Mourning Dove
*Upland Sandpiper
Sparse *Killdeer *Vesper Sparrow
Very Short Short Intermediate
Heavy Grazing - > Moderate Grazing -- > Light Grazing
Figure 2. Expected habitat preferences of grassland bird species known from
the Savanna Army Depot. Vertical axis = vegetation density, horizontal axis
= vegetation height and grazing intensity. Modified from Herkert et al.
(1993) with permission. Asterisk (*) indicates species position.
Those most strongly associated with taller grasses and
high vegetative cover are the dickcissel (Spiza americana),
grasshopper sparrow (Ammodramus savannarum), eastern
meadowlark (Sturnella magna) and savannah sparrow
(Passerculus sandwichensis). Birds that prefer mixed-grass
to short-grass prairie having lower cover include the upland
sandpiper (Bartramia longicauda), western meadowlark
(Sturnella neglecta), horned lark (Eremophila alpestris), and
vesper sparrow (Pooecetes gramineus). Many of these
species are also sensitive to minimum sizes of habitat
fragments (Sampson 1980, Herkert 1993), but the large size
of the Depot probably negates such effects.
White-tailed jackrabbits (Lepus townsendii), may have
been native to the site; however, they were not found until
1948 and are no longer present (Herkert 1993). The Depot
may also support populations of western invertebrates. For
example, several butterfly (Lepidoptera) species with
western distributions occur in Illinois sand areas (Sedman
and Hess 1985), and within leafhopper (Cicadellidae) genera
such as Flexamia and Polyamia there are species known
only from dry sand prairie habitat in western Illinois
(DeLong 1948).
Current use
Land use at the Hanover sand deposit since it was
converted to a munitions depot is not well known. Presum-
ably army horses and mules grazed the areabut probably
would have been replaced with mechanized equipment
during World War II. However, the previously mentioned
grazing agreement has been in effect since'a least 1975.
Grazing is currently open range, and limited to 500 animal
units' throughout a 6,200-acre (2500 ha) area from 1 May
through 15 September. In 1991-92, there were 975 cattle on
the site, constituting about 1.0 animal unit/5 acre (2 ha), or
about one animal/6.4 acres (2.6 ha). In the 1970's, in
response to a request from the Illinois Department of
Conservation, the Army erected at least ten grazing exclo-
sures about five meters by fifty meters in size to provide
cover for jackrabbits, which were by then almost extirpated
from the Depot area. Although jackrabbits are now gone,
the exclosures remain. Until reinforced in 1992, deteriorat-
ed fencing allowed cattle to enter the exclosures periodical-
ly. There is also one 40-acre (16-ha) area of prairie at the
Depot that is currently ungrazed.
Comparison data sets
For comparison with the Depot, sampling data were
obtained from the Illinois Department of Conservation for
dry-mesic sand prairies sampled by the INAI in 1976.
These sites are within the same natural division as the Depot
and are thus ecologically similar. The INAI classified
natural areas along a conceptual successional gradient caused
by anthropogenic disturbance. Grade "A" sites had no signs
of human disturbance and thus late-successional prairie
vegetation; grade "B" sites were structurally and floristically
altered by human disturbance, resulting in mid-successional
vegetation; grade "C" sites were even more disturbed, with
early-successional vegetation. Disturbances to grade "B"
prairies included former grazing, or grading and filling to
grade level in railroad prairies, and mowing in cemetery
prairies (White 1978). In most prairies, the diversity of
native species also declines under long-term fire protection
(Collins and Gibson 1990).
SAny combination of animals with a forage requirement of
12 kg of dry matter per day (Heitschmidt and Taylor 1991).
DATA COLLECTION METHODS
H.A. Gleason's data
Gleason (1910) recorded species presence from plots on
three transects, each positioned differently along an eleva-
tion gradient through the "mixed consocies" of bunch-grass
vegetation "one mile southwest" of the Whitton railroad
station. Based on inspection of the Green Island, Iowa, Ill.
7.5' series topographic quadrangle map, the transects
probably occurred near the center of S30, T26N, R2E in the
central part of the Depot and were probably between 645-
650 ft elevation. Gleason indicated that bunch grass
vegetation dominated the study area, and it is doubtful that
his data were taken from habitats that differed ecologically
from areas sampled in 1991-92 (see below), as he purposely
described and sampled the dominant vegetation. Gleason's
lower transect consisted of ten visually projected 4 mni
quadrats in which he did not record grasses or sedges. In
the intermediate transect, Gleason recorded species presence
in forty 1/4 m2 plots. The upper transect consisted of ten of
the visually projected 4m' plots in which all species were
recorded. Gleason also recorded additional species present
but not sampled in the vicinity of the first and third
transects. Based on the transects and associated species
lists, Gleason listed 90 plant species that were characteristic
of the mixed consocies bunch grass community (Appendix
I).
Illinois Natural Areas Inventory data
Table 1. Experimental design for Illinois Natural Areas Inventory (INAI)
and Savanna Army Depot.
INAI County/
Site Number
Carroll/415
Carroll/402
Henderson/357
Henderson/157
Henderson/572
Henry/575/
Henry/574/
Whiteside/880
Whiteside/1076
Acreage by
Natural Quality
A B C
0 1.5 0
0 29.0 19.0
0 133.9 5.0
0 2.0 0
0 2.8 0
0.9 0.4 0
0.8 1.0 0
1.0 0.5 0
10.0 4.1 19.0
Grade
Sampled Type
& No.Plots of Area
B (20) Railroad ROW
B (30) Natural area
B (20) Natural area
B (30) Roadside ROW
B (20) Railroad ROW
A (20) Railroad ROW
A (20) Railroad ROW
A (20) a-Cemetery Pr.
A (20) Railroad ROW
Savanna Army Depot: Number of plots per transect anr treatment.
Transect Open Reduced Former -
Code Grazing Grazing Grazing
C-405
E-1600
A-1600
B-403
B-404
B-714
Road #1
Road #2
Road #3
Road #4
Northeast
Northwest
Southwest
TOTAL
24
10
7
10
5
10
6
10
8
10
100
24
10
7
10
5
10
6
10
8
10
100
--__
IO00
°-
20
30
50
100
Experimental design and data collection
INAI data sets from nine dry-mesic sand prairies were
used for this study (Table 1). Grade "A" prairie data sets
were from three Whiteside and Henry County railroad
prairies and a Whiteside County pioneer cemetery prairie.
Grade "B" data sets were from four railroad prairies in
Henderson and Carroll counties and a formerly grazed state
nature preserve in Carroll County. The INAI classified
vegetation at the Army Depot as grade "C," and therefore
did not collect data at the site. The INAI data consisted of
species presence from random 1/4 m2 plots. A minimum of
20 plots were sampled at each site, and the data set was
extended to 30 plots when it was determined that additional
plots were needed to represent species richness. When sites
contained a range of natural quality because of different
disturbance histories, the INAI sampled the most advanced
successional stage. For example, the Whiteside #1076
railroad prairie contained grade "A," "B," & "C" vegeta-
tion, but only the grade "A" vegetation was sampled (Table
1).
Three grazing intensities were analyzed at the Depot
(Table 1). The former grazing treatment was an area of
prairie on the depot that is not currently grazed. The
reduced grazing treatment was ten of the grazing exclosures
that were intermittently entered and grazed. In 1992, these
fences were reinforced into grazing exclosures. The open
grazing treatment was the open grazed prairie surrounding
the grazing exclosures. This design compromises several
statistical procedures (Stroup et al. 1986) by using a single
study area (the Depot) and isolating an ungrazed control
rather than use of total grazing exclosures within the open
grazed area. However, sampling bias was avoided and
transect data were not pseudo-replicated.
In June 1991, data were collected from 300 1/4 m2 plots
sampled along stratified random transects in the three
treatment areas (Table 1). In the former grazing treatment
area, these transects extended northeast, northwest, and
southwest from a baseline road that bisected the tract. The
reduced grazing treatments were taken from ten exclosures
in which transects were centered inside and parallel to the
long axis of each exclosure. The open grazing treatment
transects were outside and parallel to the long axis of each
exclosure, away from grazing trails. In 1992, the treatments
were sampled in June and again in October. Because the
transects were not permanently marked, each sampling
period provided a new stratified random data set.
Eight plot variables were recorded within the 1/4 m 2
plots. Horizontal cover of bare sand, graminoids, forbs,
shrubs, and litter (previous season's growth) was estimated
and placed in seven percent cover classes: < 1%, 1-10%,
> 10-25%, >25-50%, > 50-75%, >75-90%, & >90%;
vertical dimensions were measured for the median canopy
height of grass and sedge leaves in all 300 plots; litter depth
was measured in 60 former grazing plots, and in 56 reduced
and 56 open grazing plots. Culm height was also recorded
but was not used in most analyses because of its high
variability due to chance clipping by cattle and because
culms were not mature in June. Plant species also were
recorded by presence in each of the plots, with unidentified
plants placed into genus, family, or unknown categories. In
1992, the same plot variables were recorded and analyzed
from 40 plots in each treatment.
Bird data collection
On 1-2 June 1990, Illinois Department of Conservation
personnel sampled the abundance of birds at the Army
Depot and provided the data for this study. The data
consisted of numbers of bird species recorded visually or
audibly at 114 sample units (sensu Glass 1991) established
throughout the Depot, primarily in degraded sand prairie.
The sample units did not have boundaries or discrete sizes,
but were separated so as to avoid multiple sampling of
individual birds. Nine sample units that did not include
characteristic prairie or grassland birds (sensu Herkert et al.
1993) were eliminated, thus 105 data sets were analyzed.
DATA ANALYSIS
Analysis of grazing treatments
Differences in vegetation structure were compared
between grazing treatments within the June 1991, June
1992, and October 1992 data sets. Because of potential
climatic effects over time, statistical comparisons were made
only within single-time data sets. Coefficients of variation
for 1991 data were inspected to determine differences
between habitat variables and how horizontal and vertical
structure contribute to habitat heterogeneity.
Before analysis, data from each percent cover class were
converted to the median for that cover class. The square
root of each median value estimate was then arcsine trans-
data were not transformed. For normally distributed data,
one-way analysis of variance (ANOVA) was used to test null
hypotheses that there were no significant differences
between treatments for mean cover values of bare sand,
graminoids (grasses and sedges), forbs, shrubs, and litter,
and for mean vertical dimensions of graminoid leaf height
and litter depth. For data that were not normally distribut-
ed, the Kruskal-Wallace test was substituted for ANOVA.
Analysis of historic and modern Army Depot ditae
Chi-Square analysis was used to determine probabilities
that species frequencies differed between the Gleiison 1/4 m2
transect and the Depot 1991 transects. Proportions of plots
with and without each species in the Gleason data (total n =
40) were compared against proportions of plots with and
without the same species in each of the three 1991 treat-
ments. The Gleason 4 m2 plot transects were not compared
because the plot sizes were different and were estimated.
Chi-Square analysis was used to test for proportional
differences among graminoid and annual or biennial plant
groups between Gleason's 90 characteristic species and the
species sampled in 1992-93.
Community data analysis
Successional relationships within and among communities
can be analyzed using ordination and classification (e.g.
Collins and Adams 1983). These techniques were used to
compare successional relations among the three Depot
treatments, Gleason's two complete transect data sets of 1/4
m2 and 4 m2 plots, and the nine INAI data sets using species
weighted by their absolute frequencies within each of the 14
stands. Although one of Gleason's transects had larger
plots, it was included in the analysis for comparative
purposes. All analyses were conducted on PC-ORD
(McCune 1993) by Detrended Correspondence Analysis
(DCA) using the program DECORANA, and by Two-Way
Indicator Species Analysis using the program TWINSPAN.
DECORANA is an eigenvector ordination based on recipro-
cal averaging and aligns stands along gradients according to
the proportional frequencies of species occurring among the
sites. TWINSPAN is a divisive polythetic technique that
also aligns species and plots based on reciprocal averaging
and shows those species most effective in characterizing
different groups (in this case, successional stages) along the
first ordination axis (Gauch 1982).
Principal Components Analysis (PCA) of vegetation
structure was conducted using percent cover of open sand,
grasses, forbs, shrubs, and litter, grass canopy height, and
litter depth. PCA calculates the weight of each variable in
relation to a series of orthogonal axes rotated to intercept the
formed to normalize distribution of data. Vegetation height greatest variation in the data set. It was applied to 140 plots
pooled from the June 1992 open and reduced grazing
treatments, which would most approximate sand prairie
structure at the Savanna Army Depot. Each percent cover
variable was arcsine-transformed. The weighting of each
variable in relation to each component axis was then used to
help interpret plant community structure and bird habitat
selection.
Analysis of bird species
Bird species presence data from the 105 sample units
were analyzed by frequency analysis in three groups (sensu
Herkert et al. 1993): species characteristic of prairie, other
grassland species, and non-grassland, species. The .last
category includes birds that are potential habitat or food
competitors, nest predators, and nest parasites (cowbirds) of
prairie birds. The plots were also ordinated by TWINSPAN
based on the numbers of birds of each species recorded per
sample unit, and the three groups were compared by
graphing their relative abundance in each unit along the
TWINSPAN axis. Multi-response Permutation Procedures
(MRPP) were then used on PCORD to test the hypothesis
that there was no difference among the distribution patterns
of the three groups. MRPP is a non-parametric procedure
for testing the hypothesis of no difference between two or
more groups of entities, and does not require multivariate
normality or homogeneity of variances (McCune 1993).
RESULTS
Original Gleason data
Among Gleason's list of 90 bunch grass association plant
species, 24.4% were grasses or sedges, 55.5% were
perennial forbs, 17.7% were annual or biennial forbs, and
2.2% were the alien species Poa pratensis and Achillea
millefolium (Table 2). At least thirty-four of these species,
all native, were sampled in Gleason's three transects,
including 23 species in the 1/4 m' plot transect (Appendix
I). In this transect, graminoid species were dominant,
accounting for 64% relative frequency, and included
Andropogon scoparius, Bouteloua hirsuta, Koeleria cristata,
Panicum villosissimumn and Leptoloma cognatum. Perennial
forbs were less frequent (28.7% relative frequency) and
were represented primarily by native perennial prairie
species, including Aster linariifolius, Callirhoe triangulata,
Helianthus rigidus, and Solidago nemoralis. Annual and
biennial species including Festuca octoflora, Linaria
canadensis, and Oenothera rhombipetala accounted for only
7.3% relative frequency.
Comparisons between Gleason's and modern data
In 1991, 90 plant species occurred in the 300 sample
plots, with a 79.5% similarity to Gleason's list of 90
species. Species with mean frequencies greater than 25%
among the three treatments were Ambrosia psilostachya,
Andropogon scoparius, Carex muhlenbergii, Koeleria
cristata, Panicum virgatum, and Plantago purshii. Gleason
found most of the species sampled in 1991, but many were
more characteristic of successional habita& such as blow-
outs, pastures, and cultivated fields and were thus excluded
from his list of 90 characteristic species. Pcause the 1991
sampling was more extensive than Gleagg's, more rare
species were included. Nevertheless, 50-pWt.subsamples of
the 1991 data still had twice the species richness of
Gleason's 40 1/4 m2 plot transect (23 species) in reduced
grazing (55 species) and in open grazing (55 species);
former grazing had 33 species. There were only minor
shifts in floristic composition of life-form groups between
1908 and 1991 (Table 2). In contrast, there were significant
changes in relative abundances of different life form groups.
Perennial graminoid species dropped from 64.0% to 35.5%,
perennial forbs increased from 28.7% to 44.7%, and
annuals and biennials increased from 7.3% to 19.8%. Alien
plants, which were not present in Gleason's 40-plot transect,
accounted for 21.9% relative frequency among the three life
form groups in 1991.
Table 2. Changes in species life-form groups between 1908 and 1991 plant
lists and sampling data from the Savanna Army Depot. Percent of flora is
based on 90 characteristic species listed by Gleason (1908) and 90 species
sampled from 300 plots in 1991. Frequency is based on sampling from 40
1/4 m' plots by Gleason, and from 300 1/4 m' plots in 1991.
PERCENT OF FLORA
Grasses &
Sedges
1908 24.4%
1991 26.7%
Perennial
Forbs
55.5%
43.3%
Ann./Bienn.
Forbs
17.7%
23.3%
Alien
Plants
2.2%
6.7%
X2/Probability
X2 = 4.122
P = 0.250
RELATIVE FREQUENCY
1908
1991
X2
P
Perennial
Graminoid (Alien)
64.0% (0%)
35.5% (7.7%)
3.035
0.082
Perennial
Forbs (Alien)
28.7% (0%)
44.7% (9.6%)
20.949
< .001
Annuals &
Biennials (Alien)
7.3% (0%)
19.8% (4.6%)
4.997
0.026
Significant changes also occurred in individual species
frequencies between 1908 and 1991. All three of the 1991
treatments differed from Gleason's data, with the most pro-
nounced differences under open grazing (Table 3).
Andropogon scoparius occurred in approximately the same
abundance, while Panicum virgatum, Carex muhlenbergii,
Table 3. Statistical comparisons of species plot frequencies between transects established at the Savanna Army Depot (SAD) in
undisturbed sand prairie by Gleason in 1908 and in three grazing treatments in 1991. No. = number of 1/4m2 plots occupied,
n = number of sample plots. Asterisks (*) indicate probability levels for non-significant differences between the Gleason and
SAD transects (* = <.05, ** = <.025, *** = <.001) with Chi-square analysis.
TREATMENT
PERENNIAL GRAMINOID
Decreased species
Bouteloua hirsuta
Leptoloma cognatum
Panicum perlongum
Panicum villosissimum
Increased species
Bromus tectorum
Carex muhlenbergii
Cyperus filiculmis
Cyperus schweinitzii
Panicum oligosanthes
Panicum virgatum
PERENNIAL FORBS/SHRUBS
Decreased species
Aster linariifolius
Callirhoe triangulata
Increased species
Ambrosia psilostachya
Asclepias verticillata
Monarda punctata
Physalis virginiana
Polygala polygama
Potentilla recta
Tephrosia virginiana
ANNUALS/BIENNIALS
Increased species
Achillea millefolium
Erigeron canadensis
Hedeoma hispida
Lepidium virginicum
Melilotus alba
Plantago purshii
Silene antirrhina
Specularia perfoliata
MAT-FORMERS
Increased species
Opuntia humifusa
Selaginella rupestris
Gleason
1908
n = 40
No. % Fg.
8
27
9
13
0
0
0
0
0
0
12
10
7
0
2
0
0
0
0
0
0
0
0
0
0
0
0
0
1
20.0
67.5
22.5
32.5
SAD reduced
grazing
n = 100
No. % Freo.
0"m
18"
0"*
7"
4
16*
15*
0
21-"
39"
0
0
0
0
0
0
30.0
25.0
17.5
0
5.0
0
0
0
0
0
18
0
0
4
16
15
0
21
39
SAD open
grazing
n= 100
No Freq.
9
17"
0"
29
12*
22"r
26"*
18*
10
56 "
0" 0
0" 0
85"-
51"
14
22"
11
22"
7
12*
14*
8
20"*
12*
29"
9
12*
0
2.5
3
16
85
51
14
27
11
22
7
18
17
0
29
12
22
26
18
10
56
0"* 0
0" 0
78" 78
22"
26--
16*
15*
0
7
12
14
8
20
12
29
9
12
24"-
29"-
11
28s"
8
62*"
15*
14*
7.5
16
22
26
16
15
0
7
24
29
11
28
8
62
15
14
4 10
33" 33
SAD former
grazing
n= 100
No. %..Fre.
1" 1
1 130" 0
16 16
0
38"*
13*
1
19"
40*
0
38
13
1
19
40
0"* 0
64--
69"
0
16*
13*
0
19"
64
69
0
16
13
0
19
0
3
12
7
0
25
1
0
0
3
12*
7
0
25-
1
0
19" 38
7 7
Cyperusfiliculmis, and the alien Bromus tectorum increased
significantly. Although perennial forbs increased overall,
Aster linariifolius and Callirhoe triangulata decreased
significantly. Coreopsis palmata, Physostegia virginiana,
and Liatris cylindracea were sampled less frequently in
1908, and not in 1991. Helianthus rigidus, which was
sampled by Gleason, occurred in a single plot in 1991. The
absence of these species was contrasted by significant
increases in other native perennial forbs including Ambrosia
psilostachya, Asclepias verticillata, Monarda punctata, and
Physalis virginiana. In 1991, most of the annual and
biennial interstitial species that Gleason sampled were
extremely rare, and a different suite of species including
Erigeron canadensis, Plantago purshii, Rumex acetosella,
Lepidium virginicum, and the aliens Achillea millefolium and
Melilotus alba had become abundant. Other alien weeds,
including Potentilla recta, Helianthus annuus, Poa
compressa, Poa pratensis, and Tragopogon major either
increased or appeared.
Effects of grazing treatments on vegetation structure
The modem grazing treatments differed in their effects on
vegetation structure (Figure 3). In 1991, open grazing
reduced the horizontal and vertical dimensions of vegetation,
with lower percent grass and litter cover, and higher percent
sand cover. This resulted in about 30% sand, grass, and
forb cover, with a grass canopy well below 15 cm through-
out the Depot. Grass canopy height and litter depth were
similar in reduced and former grazing, but were lower under
open grazing. The treatment effects varied between 1991
and 1992, and may have been affected by different rainfall
patterns (Figure 4), altered grazing patterns, or sampling
error. For example, low May-June 1992 rainfall may have
contributed to lower open grazing cover values than in
1991, and to greater grass cover and lower sand cover in the
exclosure plots. By October, 1992, these differences were
not apparent, possibly due to high July and September 1992
rainfall.
Coefficients of variation (Figure 5) had a wider range of
values for vertical variables (mean = 70.02 + 45.93 sd)
than for horizontal variables (mean = 15 ± 11.47 sd),
which suggests that vertical habitat structure may be more
variable than horizontal habitat structure. The high vertical
coefficients also varied among treatments. For example,
former grazing had the highest coefficient for canopy height,
but open grazing had the highest coefficient for litter depth.
The horizontal variable with the greatest differences among
treatments was cover of the rarest life form, shrubs.
Principal components analysis (PCA) reduced the nine
vegetation structure variables to three principal components
that explained 60% of the cumulative variation (Table 4).
They describe the Depot sand prairie as an open habitat with
high sand cover, low grass cover, forb dominance, and little
vertical structure. The first principal component axis was
most strongly associated with increasing open sand and forb
cover and decreasing grass cover, grass canopy height, and
litter depth. The second axis was correlated with increasing
grass, litter, and forb cover, and decreasing cover of
Selaginella rupestris. The third axis correlated with
increasing cover of the cactus Opuntia humifusa, other
forbs, and decreasing woody cover.
Table 4. Correlations of vegetation structure variables with the first three
principal components of vegetation structure.
Percent cumulative
variation
% Open sand
% Forb cover
% Selaginella cover
% Litter cover
% Opuntia cover
% Woody cover
% Grass cover
Ht. Canopy
Dp. Litter
PCA 1 PCA 2 PCA 3
(29.84) (45.98) (59.47)
0.7551
0.5130
0.0479
-. 1387
-. 1371
-.2115
-.4387
-.8749
-. 8933
0.1226
0.4002
-.3906
0.7704
-.0881
0.0272
0.7064
-. 1562
0.0096
0.0918
0.5344
-. 1392
-. 1392
0.7403
-.4896
0.1004
0.2122
0.1321
Community comparisons
Ordination of Depot and INAI transects - DCA positioned
the modem data sets along the first ordination axis accord-
ing to the natural quality assignments made by the INAI,
thus representing a disturbance-generated successional
gradient (Figure 6). The Depot open grazing, reduced, and
former grazing treatments were positioned at one axis
endpoint, representing grade "C" early-successional condi-
tions. The grade "B" INAI data sets ordinated at an
intermediate position, representing mid-successional vegeta-
tion. The grade "A" data sets ordinated as late-successional,
with Whiteside County #1076 as the late-successional
endpoint. Two apparent anomalies occurred in the ordina-
tion: Data from Carroll County #415, a grade "B" railroad
prairie, was positioned to the right of Whiteside #880, a
grade "A" cemetery prairie, and the Gleason data ordinated
adjacent to the Depot transects rather than with the modem
grade "A" vegetation.
The distribution and frequencies of species arranged by
TWINSPAN clarify the successional gradient established by
DCA. Although some species, such as Andropogon scopari-
us, are frequent in all sites, there are suites of species that
are most frequent under the early-, mid-, and late-succes-
sional stages of the ordination (Figure 7). Early-succession-
al species that increase with grazing, such as Achillea
millefolium, Hedeoma hispida, Lepidium densiflorum,
Plantago purshii, Potentilla recta, and Specularia perfoliata
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Figure 3. Effects of former, reduced, and open grazing treatments on sand cover, grass cover, forb cover,
shrub cover, litter cover, canopy height and litter depth in sand prairie at the Savanna Army Depot. P =
probabilities that there are no differences between treatment means. For each component of vegetation
structure, means with a common letter do not differ.
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Figure 4. Precipitation patterns for 1991 and 1992 in relation to the 30-year norm for Elizabeth,
Jo Davies Co., IL. Data provided by the National Oceanic and Atmospheric Administration.
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are most frequent at one extreme of the ordination. Mid-
successional species are most frequent in sites that are
centrally located on the first ordination axis, and include
native disturbance-adapted sand prairie plants such as
Artemisia caudata, Erigeron canadensis, Helianthus
occidentalis, and Talinum rugospermum, and successional
species that are not obligate sand prairie species such as
Lespedeza capitata and Poa pratensis. Late-successional
species are most frequent at the opposite extreme of the
ordination axis. The species that are essentially restricted to
these grade "A" sites are characteristic of late-successional
silt-loam prairie as well as sand prairie (White 1978), and
include the grasses Stipa spartea and Sporobolus heterolepis,
and the forbs Coreopsis palmata, Echinacea pallida, and
Petalostemum purpureum. Two species considered charac-
teristic of late-successional dry and dry-mesic sand prairies,
Aster linariifolius and Callirhoe triangulata (White 1978),
were most frequent in the 1908 Gleason transects, but C.
triangulata also occurred in grade "A" and "B" sites. The
high frequency of Stipa spartea in Carroll County #415
positioned this tract within the grade "A" sites, while the
high frequency of Poa pratensis in Whiteside #880 posi-
tioned this site before Carroll County #415 in the succes-
sional gradient. Whiteside #880 is a cemetery prairie in
which P. pratensis has invaded interstitial habitat due to past
mowing and fire protection.
Analysis of bird species
Sixteen grassland and 23 non-grassland bird species were
sampled in 1990 (Table 5). Characteristic prairie species
occurred in 95% of the sample units and included the three
most abundant birds. The western meadowlark and grass-
hopper sparrow each occurred at over 80% frequency, and
the horned lark occurred at over 50% frequency. Five addi-
tional prairies species, the dickcissel, eastern meadowlark,
upland sandpiper, savannah sparrow, and vesper sparrow,
occurred in less than 30% of the plots. Other grassland
species that are not characteristic of prairie occurred in 82%
of all plots, but were less abundant. Within this group, only
the field sparrow occurred at more than 50% frequency.
Non-grassland birds also occurred in more than 90% of all
sample plots, apparently because of the presence of trees
throughout the sand prairie. Four of these birds were
among the ten most abundant species. The starling and blue
jay, both important nest predators, occurred at 55% and
37% frequency, while the kingbird and brown thrasher
occurred at 38% and 33% frequency, respectively. Other
non-grassland birds were less common, but still relatively
important. For example, mockingbirds, robins, grackles
and flickers were more frequent than upland sandpipers.
The three bird groups had significantly different distribu-
tion patterns (MRPP: T = -2.9242, P = .0166). Character-
istic prairie birds were disassociated from other grassland
and non-grassland birds, with relatively high abundances in
plots with low abundances of the other two groups (Figure
8). However, all three guilds usually shared species in each
of the plots. For example, characteristic prairie birds were
absent from only six plots (each containing species from the
other two groups), and non-grassland birds were absent
from only seven plots (each containing chacteristic prairie
species).
Table 5. Percent frequencies of characteristic prairie, grassland, and
non-grassland birds at 105 sample units in the Savanna-Army Depot.
Prairie
Western meadowlark 84.76%
Grasshopper sparrow 82.86%
Horned lark 56.19%
Starling
Field sparrow
Kingbird
Blue jay
Mourning dove
Brown thrasher
Dickcissel 29.52%
Lark sparrow
Eastern meadowlark 20.95%
Crow
Mockingbird
Red-winged blackbird
Robin
Grackle
Yellow-shafted flicker
Upland sandpiper 12.38%
Red-headed woodpecker
Cowbird (parasite)
Bluebird
Chipping sparrow
Killdeer
Song sparrow
Great crested flycatcher
Cardinal
Orchard oriole
Catbird
House wren
Northern oriole
House sparrow
Red-bellied woodpecker
Savanna sparrow 3.81%
Goldfinch
Chickadee
Mallard
Vesper sparrow 1.92%
Group frequencies 95.24%
Grassland Non-grassland
53.33%
34.29%
28.57%
17.14%
9.52%
9.52%
2.86%
1.92%
81.90%
55.24%
38.10%
37.14%
33.33%
20.00%
20.00%
15.24%
14.29%
14.29%
12.38%
(10.48%)
10.48%
9.52%
8.57%
7.62%
6.67%
5.71%
5.71%
5.71%
4.76%
4.76%
2.86%
93.33%
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DISCUSSION Vegetation changes
Historic grazing impacts
The structure and composition of sand prairie at the
Savanna Army Depot have undergone significant changes
since the time of H.A. Gleason, apparently in response to
cattle grazing. Although a similar level of plant species
richness has been maintained, the late-successional compo-
nent of vegetation has been reduced or eliminated from
much of the Depot. These conditions typify overgrazing,
with losses of conservative perennials that are poorly
adapted to overgrazing, increases in disturbance-adapted or
unpalatable species, and invasion by alien species. Such
changes might not have surprised H.A. Gleason, who was
a discerning observer of natural vegetation (McIntosh 1975)
and described the effects of initial pasturing on sand prairies
at the Depot (Gleason 1910).
Nonetheless, different cattle grazing intensities may
mimic conditions existing prior to the elimination of native
ungulates and thus help maintain sand prairie plant species
diversity. Bison, elk, and deer were so abundant in Illinois
prior to settlement that grazing, especially from bison
(England and DeVos 1969), could have affected vegetation
structure. However, bison apparently did not occur in large
numbers east of the Mississippi River until after 1600
(Griffin and Wray 1945, Rostlund 1960, Jakle 1968), and
were essentially extirpated from Illinois within 200 years.
Grazing by jackrabbits (if present) and other small mammals
could have affected vegetation structure (Vorhies and Taylor
1933) and, in combination with the natural soil erosion
process, contributed to the successional stages described by
Gleason.
In southeast Arizona, an area without historic bison use,
Bock and Bock (1993) found livestock grazing to have
significantly reduced grass cover and caused a shift toward
rhizomatous grass species. Similarly, comparisons between
Gleason's and modem data indicate that significant changes
in species composition have occurred at the Depot, and
different modem grazing intensities alter vegetation struc-
ture. However, the relation between current open grazing
and long-term changes in composition is unclear. It is
possible that most vegetation changes took place under a
heavier grazing regime that occurred prior to World War II
and were exacerbated by severe drought during the 1930's.
For example, the control area used for this study has not
regained original levels of species composition found by
Gleason, probably because many species were eliminated
from the site. Thus, the current grazing regime may be
maintaining vegetation composition brought about by
previous heavier grazing.
Gleason (1910) estimated that at least two-thirds of his
study area supported a "mixed consocies" bunch grass
association, which represents late-successional vegetation.
Today, overgrazing has so disrupted the natural disturbance
regime at the Depot that early-successional vegetation
occupies essentially 100% of the sand prairie, and grazing-
adapted species are more successful than species adapted to
soil disturbance processes. Significant changes in vegetation
include the loss. of perennial plants, an intrease of annual
and biennial species, and invasion of alien species. The
effect has been so thorough that a nui!ftr of formerly
abundant perennial species have been nearlMbftst. Echinacea
pallida occurs within a single grazing exclosure. Aster
linariifolius, Callirhoe triangulata, and Helianthus rigidus
rarely occur in sample plots, and Coreopsis palmata and
Liatris cylindracea could not be found within the Depot. As
Gleason indicated, forbs that have increased most signifi-
cantly at the Depot include the unpalatable Montarda
punctata, along with Ambrosia psilostachya, Rumex
acetosella, and Plantago purshii, which escape grazing
impact by their low stature and rhizomatous growth.
Although the alien species Achillea millefolium was present
during Gleason's study, Bromus tectorum and Melilotus alba
apparently appeared later. The invasion of alien plants
might have been aided by the high level of natural distur-
bance processes at the Depot, but clearly has been exacer-
bated by grazing, which increases niche space for interstitial
plant species.
Successional relationships among sand prairies: effects of
disturbance regime and scale
The successional relationship between historic and
modern Savanna Army Depot sand prairie vegetation also
occurs among surrounding natural areas (Figure 6).
Frequencies of late-successional species (e.g., Coreopsis
palmata, Echinacea pallida, Petalostemum purpureum,
Sporobolus heterolepis, and Stipa spartea) decrease across
a disturbance gradient from grade "A" to grade "C" prai-
ries. Native disturbance-adapted species (e.g. Artemisia
caudata, Erigeron canadensis, Helianthus occidentalis,
Selaginella rupestris, and Talinum rugospermum) are most
frequent in intermediate grade "B" sites, while the grazing-
adapted flora of the Savanna Army Depot is not represented
in grade "A" or "B" sites.
Differences in disturbance regime and scale are important
in interpreting these successional relationships. Although
they represent ungrazed vegetation, the Gleason data sets
ordinated nearer to the modern Depot treatments than to the
grade "A" sites because some late-successional species are
absent from the Depot, and because the natural disturbance
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regime at the Depot selected for some disturbance-adapted
species that persisted with overgrazing. The INAI encoun-
tered a post-settlement landscape in which small natural area
fragments may not receive random landscape disturbances
(sensu Pickett and Thompson 1978). They also may be too
small to support habitat-size restricted animals that would
create soil disturbances colonized by successional plants
(Platt 1975, Hobbs and Mooney 1985, Hobbs and Hobbs
1987), or too small to contain the range of surface topogra-
phy needed to promote natural soil erosion. As a result,
most of the INAI areas did not support a full mosaic of
early- to late-successional vegetation. Areas of grade "A"
vegetation were-usually less than 10 acres (4 ha), and were
associated with small areas of grade "B", but rarely grade
"C" vegetation. Other sites with grade "B" vegetation that
were isolated along railroads were less than three acres
(<1.2 ha), while other tracts were associated with grade
"C" vegetation in larger natural areas. Only one site, a
railroad prairie, contained all three successional stages. The
isolated grade "C" and some grade "B" sites may never
advance to late-successional stages, as this component of
vegetation is usually missing from seed banks (Rice 1989).
The different effects of fragmentation and anthropogenic
disturbance combine to reduce the range of plant species
diversity once present on the presettlement landscape. For
example, archipelagos of species rich natural area remnants
may represent the diversity of unfragmented landscapes
because plants usually have small habitat requirements and
slow relaxation rates (Simberloff and Gotelli 1984).
However, fragmentation can result in loss of early- and mid-
successional species due to lack of disturbance processes,
while anthropogenic disturbance causes loss of late-succes-
sional species. Railroad prairies that support a range of
successional stages better approximate presettlement diversi-
ty, but their linear nature increases edge effects and limits
interaction with landscape-scale disturbance patterns.
Although an archipelago of fragmented small natural areas
might support a full range of plant species diversity among
sites, their small size and the under-representation of late-
successional stages place the system at risk to loss from
stochastic disturbance. For example, following a wildfire
that burned an adjacent pine plantation in 1978, the grade
"A" section of Whiteside #1076 was bulldozed to construct
a firebreak. All that remains of this former late-successional
prairie is a data set!
Status of bird species
The Army Depot bird distribution data must be interpret-
ed with caution as data were collected only once from
sample units without boundaries. Weather, especially
drought, affects vegetation structure and bird population
species at a point in time at the Depot, which has drought-
sensitive habitat, may be affected by temporal climatic
fluctuations. Notwithstanding these caveats, it appears that
the abundance of different prairie birds at the Depot is being
negatively affected by two primary factors. One, habitat use
by non-grassland birds, is apparently allowed by the
presence of alien trees and buildings in the sand prairie.
This can reduce abundance of prairie birds through nest
predation and competition for food or habitat by non-grass-
land birds.. ^ -
The second factor is the effect of grazing.on horizontal
and vertical vegetation structure, which determines -habitat :-
choice, abundance, ...and distribution of different -prairie: -
birds. Depending upon rainfall, open grazing- throughout' (Y
the Depot can reduce cover of sand, grass, forb, and litters.
to less than 30% each, and a grass canopy height to below,-
15 cm. This vegetation is most heavily utilized by the -
western meadowlark, grasshopper sparrow, and horned lark,
birds that prefer relatively short, sparse vegetation (Herkert
et al. 1993, Table 8). However, other factors may also be
important in bird distribution. The low abundance of upland
sandpipers may be related to a comparatively large territory
requirement, or the contrasting habitat needs of more than
10% nesting cover and open foraging habitat conditions
(Kirsch and Higgens 1976, Ailes 1980, Skinner et al. 1984).
The grasshopper sparrow and savannah sparrow appear
ecologically similar, but subtle habitat differences may be
favoring the more common grasshopper sparrow. For
example, the savannah sparrow appears to favor three-year
burn rotations (Skinner et al. 1984), which currently do not
occur at the Depot. The large size of the Depot may be
allowing patchy grazing patterns, thereby increasing habitat
heterogeneity and the likelihood that suitable habitat for
various species is present. Habitat heterogeneity was also
higher for vertical vegetation structure than for horizontal
structure under all treatments and therefore might be
favoring some tallgrass prairie bird species.
RECOMMENDATIONS
Despite its alteration by overgrazing, the Army Depot
sand prairie is a highly significant midwestern natural area.
It has great potential for recovery management even while
maintained as a military base. An ideal objective would be
to return the sand prairie ecosystem to the conditions
described by H.A. Gleason by reducing grazing to a level
that maintains late-successional plant species while benefit-
ing grassland birds and plant species richness. Although
current restrictions may prevent the wide scale use of fire
and total reduction of grazing, these treatments should be
experimentally implemented to the extent possible to
determine how the site can be best managed. The following
densities (George et al. 1992). Thus, the status of bird recommendations and expected results should be considered
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as guidelines. Specific experiments would have to be
designed to test how plant and bird species respond to
different management treatments.
Vegetation management
The primary vegetation management objective should be
to recover former sand prairie vegetation structure and
composition, using three methods: 1) reduction or elimina-
tion of grazing in different treatments, 2) supplemental
prescribed burning where possible, and 3) reintroduction of
extirpated species. Under adequate rainfall, reduced grazing
intensity should alter the structure of vegetation by increas-
ing grass cover. It should also initiate long-term succes-
sional change by enhancing growth and reproduction of
grazing-sensitive plants and promoting competition against
grazing-adapted vegetation. Supplemental burning should
enhance recovery by promoting flowering and seed produc-
tion and exposing seedling establishment sites by removing
litter. Management to recover former vegetation compo-
sition is limited by the loss of late-successional plant species
from the Depot. Protection from grazing would result in the
appearance of plant species only if they now survive by
chance as isolated individuals or germinate from soil seed
banks. But, because late-successional vegetation rarely
survives in seed banks (Rice 1989), some species may have
to be reintroduced if they do not appear with management.
Plant species reintroductions should include only native
species and should focus on the late-successional species
found to have severely declined or disappeared since
Gleason's study. Seed sources for some species occur at
low frequencies within the Depot. Outside seed sources
should be restricted to sand prairies within the Mississippi
River Section of the Illinois and Mississippi Rivers Sand
Areas Natural Division of Illinois (Schwegman et al. 1973).
Potential species for reintroduction include:
Perennial grass species
Leptoloma cognatum (rare in sample plots)
Stipa spartea (rare in sample plots)
Perennial forbs species
Aster linariifolius (absent from sample plots)
Aster sericeus (rare in sample plots)
Callirhoe triangulata (absent from sample plots)
Coreopsis palmata (not found)
Echinacea pallida (found in one exclosure)
Helianthus rigidus (rare in sample plots)
Liatris cylindracea (not found)
In response to preliminary recommendations, the Army
Depot excluded grazing from a 50-acre tract that was found
to retain some of the least-disturbed sand prairie present on
the Depot. This area includes three of the original exclosu-
res and supports many of the late-successional plants that
still persist at the Depot. It thus has relatively high potential
for experimental recovery management. This will allow
testing of hypotheses that total grazing exclusion will 1)
significantly alter sand, grass, and forb cover, 2) promote
reduction of grazing-adapted forbs, and 3) allow an increase
of late-successional species that were present in 1908 but
rare or absent from 1991 sampling data. Application of
prescribed burning to the exclosures and adjacent grazed
areas would allow comparisons of vegetat change in
relation to fire and fire protection under op razing and
grazing exclusion. Although burning may notbe applicable
on parts of the Depot where ammunition stored, its
potential usefulness should be determined so that it might be
applied under different circumstances. Vegetation response
in this exclosure should also be compared to reduce4,
grazing treatments elsewhere in the Depot.
Grassland bird management
Management needs are not clear for grassland bird
species at the Savanna Army Depot because little informa-
tion is known about their specific status or response to the
current level of grazing. The primary management goal
should be to maintain or increase population levels of
characteristic prairie bird species, as this group is most
vulnerable and sensitive to habitat loss (Herkert et al. 1993)
and is apparently well-represented at the Depot. Manage-
ment should focus on two objectives that can most easily
affect status of these birds at the Depot: 1) reduction of
non-grassland birds' use of prairie habitat, and 2) manipula-
tion of habitat structure by grazing and burning. Manage-
ment prescriptions could be developed and tested based on
expected bird species responses to changes in vegetation
structure (Figure 2) so as to optimize habitat for less
frequent species while maintaining a balance among all
species.
Management should be applied to blocks of at least 250
acres (100 ha) to overcome effects of small habitat size on
bird use (Herkert et al. 1993). Blocks selected for manage-
ment also should be as free as possible of bunkers and
buildings to avoid attraction of non-grassland birds such as
starlings. Once large blocks of prairie can be identified for
management, they should be surveyed to determine where
non-native trees can be removed to enhance habitat for
prairie birds. Experimentation also could be used in these
blocks to determine how prairie birds respond to different
grazing intensities. The 50-acre (20 ha) total grazing
exclosure at the Savanna Army Depot is less than the 250
acre (100 ha) block size recommended for bird management,
and results thus may not be comparable to other treatments.
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The primary effect of reduced grazing on vegetation is
expected to be increased grass and litter cover and decreased
sand cover. With total grazing exclusion, grass and litter
cover should reach over 40% with sand cover less than
20%. These changes could select for increased frequencies
of tallgrass prairie birds such as the dickcissel, eastern
meadowlark, and savannah sparrow, but may decrease
frequencies of the more common western meadowlark,
grasshopper sparrow, and homed lark along with the less
frequent upland sandpiper and vesper sparrow. However,
dormant season burning might balance against effects of
decreased grazing and allow maintenance of mixed-grass
species under a reduced grazing regime. Such burning
decreases early-season vegetation cover and depth and
favors nesting by short grass species such as upland sandpip-
ers and vesper sparrows (Plypec 1992, Skinner et al. 1984,
Buhnerkempe and Westemeier 1988). Application of
burning and grazing on a rotational basis should also be
considered. For example, three-year burn rotations may
also favor savannah sparrows (Skinner et al. 1984).
Even with reduced grazing, the dry-mesic sand soils at
the Depot should prevent vegetation from attaining tallgrass
conditions. Canopy heights for all Depot treatments were
under the 25-cm canopy height for optimum habitat use by
tallgrass prairie birds found in Missouri (Skinner et al.
1984). Thus, populations of these birds could be marginal
and may not increase excessively with reduced grazing. If
horizontal vegetation cover and litter are increased below 25
cm, and open sand cover is reduced but not eliminated,
some mixed-grass species still may be favored.
Insect studies
An inventory should be initiated to determine the pres-
ence and abundances of obligate (sensu Panzer 1988) prairie
insects on the Savanna Army Depot. Because of the large
numbers of prairie insect species, this study should focus on
specific groups known to maintain obligate species, such as
the butterflies and moths (Lepidoptera), leafthoppers (Cica-
dellidae), and katydids and grasshoppers (Orthoptera). It
should also focus on groups such as the leafhoppers
(DeLong 1948), or the butterflies (Sedman and Hess 1985)
that may have species with western distribution patterns and
relictual or eastern outlier populations in the Depot area. If
possible, these studies should be implemented so as to
interact with experimental vegetation studies, but should
continue over a several-year period so as to account for
temporal variation in insect populations. The studies should
compare insect occurrences between burned and unburned
treatments, between different grazing level treatments at the
Depot, and if possible, between the Army Depot sites and
mid- to late-successional INAI sites such as the Ayers Sand
Prairie (Whiteside County #880).
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Appendix I. Comparisons of species frequencies in the "Mixed Consocies" bunchgrass community sampled by
Gleason in 1908 and in dry-mesic sand prairie sampled in 1991. Percent frequencies are indicated for each transect or
data set (n = No. of plots); "x" indicates that Gleasop recorded species presence in the vicinity of the two 4 md plot
transects, but not within plots. Note: the second 4 m plot transect is incomplete, as Gleason did not sample.grasses.
1991 data: SADOG = open grazing, SADFG = former grazed, SADRG = reduced grazing, all from 1/4 nr plots.
19U8 sampling data 1991 sampnlin data
CHARACTERISTIC SPECIES 1/4 m 2 4 m2  4 m2  SADOG SADFG SADRG
LISTED BY GLEASON (1910) n=40 n=10 n=10 n= 100 n= 100 n=100
Achillea millefolium (common yarow) - - - 24 - 12
Andropogon gerardi (bi bluestem grass) - - - 3 8 10
Andropogon scoparius (little bluestem grass) 32.5 - 10 34 26 41
Ambrosia psilostachy (western ragweed) 17.5 90 90 78 64 85
Amorpha canescens (lead plant) - - - 1 - 8
Anemone cylindrica (thimbleweed) - - - - -Antennaria sp. (pussytoes)2.5 - 60 1 - -
Arabis lyrata (sand cress) 2.5 x 10
Aristida tuberculosa (needle grass) - - - 18 4 -
Artemisia caudata (beach wormwood) - 10 10 - - -
Asclepias viridiflora (green milkweed) x 10 - 2 - -
Aster linariifolius (flax-leaved aster) 30.0 60 80 -
Aster ericoides (heath aster) - - - -
Aster sericeus (silky aster) 30 10 1 - 1
Bouteloua.hirsuta.(ranma.grass) 20.0 100 x 19 1 -
Bulbostylis capillans (hair sedge) - - - -
Callirhoe triangulata (poppy mallow) 25.0 40 70 -
Carex festucacea (sedge) - x - - -
Carex muhlenbergii (sand sedge) x x - 22 38 16
Carex umbellata (sedge) 2.5 - - - -
Cassia fasciculata (partridge pea) - - - - -
Ceanothus americanus (New Jersey tea) - - - . 1
Ceanothus ovatus (inland New Jersey tea) - x
Chenopodium album (lamb's quarters) - - x - - 4
Chrysopsis camporum (golden aster) - - - - - -
Coreopsis palmata (praine coreopsis) - x 20
Croton glandulosus (sand croton) - - - - -
Cyperus schweinitzii (sedge) - - - 18 1 -
Cyperus filiculmis (sedge) - - - 26 13 15
hinace pallida (pale coneflower) - - - - - -
Equisetum hyemale (scouring rush) - - 20 - - -
Erigeron canadensis (horseweed) - - - 29 3 14
Erigeron strigosus (daisy fleabane) 10 x - 1 1 1
Eragrostis spectabihs (tumble-grass) - -
Euporbia corollata (flowering spurge) 2.5 10 40 3 5 10
Euphorbia geyeri spurge) - - -
Festuca octoflora six-weeks fescue) 10.0 10 x 1
Gnaphalium obtusifolium (sweet everlasting) - - - -
Hedeoma hispida (rough pennyroyal) - - x 11 12 8
Helianthemum bicknelii (frostweed) - x - - - 2
Helianthus occidentalis (western sunflower) - - - I - 11
Helianthus rigidus (prairie sunflower) 2.5 40 60 - -
Koeleria cristata (June rass) 35.0 100 x 28 46 25
Kuhnia eupatorioides (false boneset) - - - - - -
Lactuca canadensis (wild lettuce) - - -
Liatris aspera (rough blazing-star) - - - 4 1 5
Liatris cylindracea (blazing-star) - - - - -
Linaria canadensis (blue toadflax) 10.0 40 x
Linum sulcatum (wild flax) - - - 3 -
Lithospermumcrocceum (hairy puccoon) - 20 20 1 4 2
Lepidium virginicum (common peppergrass) - - - 28 7 20
Leptoloma cognatum (fall witch grass 67.5 70 x 17 13 18
Lbspedeza capitata (round-headedbu clover) 10 - - - 4 -
Monugo verticillata (carpetweed) - - - - - -
Monarda punctata (horsemint) 5.0 30 40 26 - 14
Oenothera rhombipetala (sand primrose) 2.5 10 10 14 5 1
Opuntia humifusa (prickly-pear) - x 10 11 44 15
Orobanche fasciculata (clustered broomrape) - - - - - -
Panicum perlongum/depauperatum (panic grass) 22.5 10 x
Panicum villosissimum (hairy panic grass) 32.5 100 x 29 16 7
Panicum oligosanthes (panic grass) - x x 10 19 21
Panicum virgatum (switch grass) - - - 56 40 39
Paspalum setaceum (bead grass) - - 6 -
Penstemon hirsutus (hairybeard-tongue) - - - 3 1 1
Petalostemum candidum (white praine clover) - - - -
Petalostemum purpureum (purple prairie clover) 2.5 x 10 1 - 2
Physalis heterophylla (ground cherry)
Physalis virgimana (ground cherry) - x - 16 15 27
Pantago purshii (sals-and-pepper plant) - - - 62 25 29
Poa pratensis (Kentucky bluegrass) - - x 5 - 6
Polygala polygama (purple milkwort) - - x 15 13 11
Polygala verucillata (whorled milkwort) - - - - - -
Polygonum tenue (slender knotweed) - - - - -
Rhus aromatica (fragrant sumac) - - - 40 - 1
Selaginella rupestris (rock spikemoss) 2.5 10 80 33 7 16
Silene antirrhma (sleepy catchfly) - - - 15 1 9
Sisyrinchium sp. (blue-eyed grass) - - - - - 1
Solidago nemoralis (field godenrod) 5.0 40 - 6 12 13
Solidago rigida (rigid goldenrod) - - - . 1
Solidago speciosa showy goldenrod) - - - - - -
Solidago missouriensis (Missouri goldenrod) - - - - - -
Sorehastrum nutans (Indian grass) 5.0 x x - - -
Specularia perfoliata (Venus' looking-glass) - x - 14 - 12
Stipa spartea (porcupine grass) - x x 1 - 3
Talinum rugospermum (flower-of-an-hour) - 2.5 - 1 -
Tephrosia virginiana (goat's-rue) - 40 - 7 19 7
Tradescantia ohiensis (spiderwort) - x - I -
Verbena bracteata (creeping vervain) - - x -
Verbena stricta (hoary vervain) - - - - 2 1
Viola pedata (birdfoot violet) - x 10 - - 1
